We examine the effects of monetary policy on income inequality in Japan using a novel econometric approach that jointly estimates the Gini coefficient based on micro-level grouped data of households and the dynamics of macroeconomic quantities. Our results indicate different effects on income inequality for different types of households: A monetary tightening increases inequality when income data is based on households whose head is employed (workers' households), while the effect reverses over the medium term when considering a broader definition of households. Differences in the relative strength of the transmission channels can account for this finding. Finally we demonstrate that the proposed joint estimation strategy leads to more informative inference while results based on the frequently used two-step estimation approach yields inconclusive results.
Introduction
While there is a long-standing literature on the nexus between income inequality and economic growth, income distribution and monetary policy have been traditionally considered separate issues. The outbreak of the global financial crisis and the subsequent recession led major central banks to loosen their monetary policy stance. This spiked new interest in the relationship between monetary policy and income inequality -also since a lot of these measures comprised asset purchases by the central bank and it is known that price movements in assets should impact inequality. Hitherto, empirical work did not provide clear evidence, also since transmission channels seem complex and depend on the distribution of financial assets and liabilities in the population -at best, a modest effect of monetary policy on inequality can be found in the data (Amaral, 2017) . In recent contributions, Coibion et al. (2017) for the USA, Mumtaz and Theophilopoulou (2017) for the UK and Furceri et al. (2017) for a broader set of countries, a systematic impact of monetary policy on inequality has been established: If monetary policy is tightened, inequality increases.
One reason why the literature on the monetary policy and inequality nexus is scarce might be that effects of monetary policy in a macroeconomic context are frequently addressed within a time series framework such as a vector autoregression (VAR). Income data, however, is often collected in surveys that are available only over a short time period, or isolated years. For example, the Japanese National Survey of Family Income and Expenditure offers very detailed information on household income and expenditures but is carried out every five years only. To circumvent the paucity of continuous time series on income data, researchers have used grouped data that are constructed by aggregating individual observations of a variable into groups and are available over a longer time horizon. Using these data directly, however, would imply the stark assumption that all households within a group have the same income (Chotikapanich et al., 2007b) . Instead, the underlying distribution has to be estimated using suitable econometric tools (see, e.g., Chotikapanich et al., 2007a) .
In this paper we investigate the effects of monetary policy on income inequality in Japan. For that purpose, we propose a novel econometric approach that jointly models the Gini coefficient based on micro-level grouped data of households and the dynamics of macroeconomic quantities. In that sense we combine the predominant framework used in monetary economics, VAR models, and the methods used to estimated income distributions. The proposed model is a generalization of the work of Nishino et al. (2012) to the VAR case and allows for a coherent and joint estimation of macroeconomic key variables and income inequality. This is a significant improvement over existing approaches that calculate measures of inequality in a first step and treat them as observed data in the subsequent estimations. As pointed out in Carriero et al. (2017) this might lead to a severe bias and flawed inference.
Our main results are as follows. First, we find that the effect of monetary policy on income inequality depends on the household under consideration. A monetary tightening leads to an increase in income inequality through the job destruction channel and a loss in external competitiveness considering households whose head is employed. For a broader measure of income that also covers households that are unemployed or retired, both channels are not effective. Here the tax inflation channel leads to a decrease in inequality. We also show that the proposed estimation framework leads to more informative inference compared to the frequently used two-step estimation approach that treats the measure of inequality and the dynamics of the macroeconomy separately.
The paper is structured as follows: The next section introduces the model, while section 3 summarizes the data. Section 4 presents the main findings from the estimation, while section 5 concludes.
The model
In this section we describe the econometric approach. First of all, we introduce the static model to estimate the income distribution from grouped data. Following Nishino and Kakamu (2011) , we assume a log-normal distribution of income which provides a good fit for Japanese data.
1 Let x ∼ LN (µ, σ 2 ), with LN denoting a lognormal distribution and associated probability density function (PDF) given by
The cumulative density function (CDF) is
where Φ(·) denotes the CDF of the standard normal distribution. Then, the Gini coefficient of the lognormal distribution is defined as
and we notice that the Gini coefficient is a monotone function of σ.
Assume that the income distribution is x ∼ LN (µ, σ 2 ) with p i th quantiles (i = 1, . . . , k), where p i = n i n denote the relative frequencies and 1 ≤ n 1 < n 2 < . . . < n k ≤ n, are observed as (x 1 , x 2 , . . . , x k ) from n observations. In the empirical application, x k is going to denote the endpoint of each income category (as opposed to the mean value). Let x = (x 1 , x 2 , . . . , x k ) , then by the asymptotic theorem of the selected order statistics,
) and the ijth element of W is defined as
where φ(·) is the PDF of the standard normal distribution. The proof of these asymptotic properties is provided in Nishino and Kakamu (2011) using a static model. Drawing on these properties Nishino et al. (2012) extended the static model to the time series framework, modeling the volatility of the distribution as a stochastic process. Nishino and Kakamu (2015) show that the income inequality in Japan is indeed persistent and can be modeled using a stochastic volatility framework. Let x t = (x 1,t , x 2,t , . . . , x k,t ) and y t = (y 1,t , y 2,t , . . . , y m,t ) be the income data and macroeconomic variables of the tth period (t = 1, 2, . . . , T ), respectively. Then, we propose the following joint model:
2)
t W t , y 1,t = h t , α is an m × 1 vector of parameters, and B and Σ are m × m matrices of parameters, and we assume y 0 = 0 m for simplicity. 2 In the empirical section, we use 1 lag. The likelihood function of this model is written as
2 It should be mentioned that this model is a straightforward extension of the simple stochastic volatility model. In the recent financial time series analysis, the leverage effect, which is a drop in the return followed by an increase in the volatility, plays an important role. However, in the context of income data, stylized facts do not report such a leverage effect. Thus, we assume independence between the variance and the distribution over time.
where
. . , h T ) , and Y = (y 1 , y 2 , . . . , y T ) = (h, Y * ) . We are going to use Bayesian methods for estimation and assume the following prior distributions:
In addition, we set hyper-parameters as µ 0 = 0, τ 2 0 = 100, β 0 = 0, Ω 0 = 100 · I, ν 0 = m+1 and Σ 0 = 0.01·I, which make the variance of prior distributions diffuse. In the empirical analysis, we run the MCMC algorithm, which is described in Appendix A, for 10, 000 iterations after a burn-in phase of 10, 000 iterations.
Data
Following Lise et al. (2014) and Inui et al. (2017) we derive the Gini coefficient using the Japanese household survey called Family Income and Expenditures Survey (FIES), which is compiled by the Statistics Bureau of the Ministry of Internal Affairs and Communications. The survey is carried out on a monthly basis and collects data on earnings, income and consumption expenditures for about 9,000 households and is appropriately adjusted to make the sample size to n t = n = 10, 000 in order to compensate the difference in sampling ratios for strata. The survey unit are households in the entire area of Japan. 3 We use the monthly subset of the survey that covers household incomes and expenditures. Each wave of the survey offers among other data on consumption expenditure, the frequency distribution over 18 groups of yearly pre-tax income: (200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 900, 1000, 1250, 1500) , which are collected from Table 8 -2 "Amounts of Savings and Liabilities Held per Household by Yearly Income Group". Income data refers to actual income including tax (i.e., the sum of cash income of all household members), cash on hand carried over from previous months, and so-called "spurious income". The latter is defined as an increase in cash accompanied by a decrease in assets and increase in liabilities. As an example, the sale of a house generates cash, but decreases households assets. By the same token, if a household borrows money from a bank, cash increases in parallel with household's liabilities. Both cash increases would be labeled spurious income and are included in overall pre-tax income of households. The 10,000 surveyed households can be roughly divided into two groups: workers' households are those whose heads are employed as clerks or wage earners by public or private enterprises, such as government office, private companies, factories, schools, hospitals, and shops. Workers' households account for roughly half of the 10,000 observations in each survey wave. All households include on top of workers' households, those whose heads are individual proprietors (e.g., merchants, artisans, administrators of unincorporated enterprise, farmers, about 10% of all observations) and those with no occupation (unemployed and retired, about 35% of all observations). 4 Due to changes in the sample design and to get a consistent income series our data starts from 2002Q1.
Pre-tax income data are complemented by macroeconomic data such as real GDP (rgdp), the unemployment rate (unempl), 10-year government bond yields (ltir), the real effective exchange rate (reer) and stock market prices (eq) measured by the NIKKEI225 index. As pointed out in Amaral (2017) , inflation expectations are a crucial determinant of inequality. We measure inflation expectations, as one-year ahead projections of consumer price inflation (p). Inflation forecasts are obtained from the IMF's biannual world economic outlook database and converted to quarterly frequency by reusing the biannual observations over the quarterly frequency domain. Last we include several measures for the monetary policy stance of the Bank of Japan (BoJ). These include the overnight effective call rate (stir), 2-year government bond yields (2ygby) and the shadow rate (ssr) of Wu and Xia (2016) . Exchange rate data stem from the BIS and an increase denotes an appreciation in real terms; all other macroeconomic data are obtained via the FRED database, https: //fred.stlouisfed.org/.
5 Our sample for the combined income and macro data spans the period from 2002Q1 to 2016Q4.
In a first step and to assess the accuracy of the proposed modeling framework, we plot the estimated Gini coefficient over time. The results are depicted in Fig. 1 .
The figure shows that changes in income inequality in Japan over the sample period have been quite modest. For data using all households, the Gini was largest at the beginning of the sample (about 0.3) and increased slightly from 2013 onward. The Gini coefficient based on data for workers' households shows a similar picture, with the exception that data for the most recent sample period indicates a decline in inequality, while figures for all households do not show a clear trend for that period. Our estimated time series is well in line with other Gini coefficients derived from descriptive stastiics as in Inui et al. (2017) and Saiki and Frost (2014) .
The effects of monetary policy on inequality
To assess the effects of monetary policy shocks on income inequality we have estimated the vector autoregression in equ. 2.2 that jointly models the dynamics of income inequality (i.e., the Gini coefficient) and the macroeconomic variables. There are three prominent channels through which monetary policy might affect income inequality. First, the inflation tax channel postulates that a decrease in inflation, after a monetary policy tightening disproportionately affect purchasing power of households since those at the lower end of the income distribution typically hold more cash (Erosa and Ventura, 2002) . Second, the earnings heterogeneity or job destruction channel states that income / occupation of poorer households is more strongly shaped by changes in the unemployment rate than that of richer households for which hourly wages are a more prominent factor as a determinant of income (Amaral, 2017) . Put differently, if the central bank raises rates and the unemployment rate increases, poor households are disproportionately more strongly affected and income inequality increases (Inui et al., 2017) . Last, the income composition channel works if households in different segments of the income distribution rely on different sources of income (e.g., labor, business and capital, see Amaral, 2017 , for more details.). Depending on the distribution of income sources, the effect of an interest rate increase might be either income inequality reducing or enhancing and thus remains to be empirically assessed.
Since over our sample period the policy rate in Japan was practically zero over a longer period of time, a shock to the overnight call rate might yield misleading results. We thus propose three interest rate based alternative instruments that indicate the BoJ's monetary policy stance. As a baseline measure we use the shadow rate proposed in Wu and Xia (2016) . The shadow rate is extracted using a term structure model that allows the relaxation of the zero lower bound of nominal short-term rates. In normal times the shadow rate mimics short-term interest rates, where in times these rates are confined to the zero lower-bound but the central bank provides stimulus using other forms of monetary policy, the shadow rate can become negative. It thus indicates the monetary policy stance of a central bank even if actual interest rates are zero, which is the case for the sample period we cover. In a robustness exercise we follow Spiegel and Tai (2017) who use 2-year Japanese government bond yields as the policy instrument. The third measure considers the term spread as a monetary policy instrument. Here we focus on the spread between 10-year government bond yields and the overnight call rate and hence a longer segment of the yield curve compared to 2-year government bond yields. That central banks aim at reducing interest rate spreads such as the term spread to steer inflation and inflation expectations has been argued in Blinder (2012) . Recent studies investigating term spread shocks as a means of monetary policy during zero lower bound periods include Baumeister and Benati (2013) for the USA and UK, Bobeica and Jarociński (2017) for the euro area and Feldkircher et al. (2017) for a broad set of countries.
One could argue that all three measures also capture unconventional monetary policy which impacts on wealth rather than income inequality since bringing down long-term yields affects financial markets and wealth of households holding these assets. That said, some effects should be also seen on the distribution of income. Foremost, the spurious income component of our income data is naturally affected by asset / house price movements. Moreover, since (longer-term) interest rates are moved, some of the channels mentioned above could also be operational and income inequality affected.
6 Also, Saiki and Frost (2014) examining the effects of the BoJ's asset purchases report a strong empirical correlation between income and wealth inequality in Japan, and Inui et al. (2017) using Japanese data of households balance sheet conclude that distributions of households financial assets and liabilities do not play a significant role in the distributional effects of monetary policy. Hence an assessment of monetary policy on income inequality in Japan seems warranted.
Throughout the paper we rely on a simple Cholesky decomposition to identify monetary policy shocks, which requires categorizing the set of macroeconomic variables into slow and fast moving variables. This "recursiveness" assumption has been frequently used in the literature on monetary policy shocks and its implications are discussed at length in, among others, Christiano et al. (1999) . We assume the following ordering of variables:
As discussed above, in our baseline estimation, the policy instrument is going to be the shadow rate. The ordering implies that the Gini coefficient, real GDP, inflation expectations and the unemployment rate do not react within the same quarter to an unexpected increase in the policy rate. By contrast, long-term interest rates, the exchange rate and equity prices are allowed to react immediately to a monetary policy shock. 7 For the term spread shock we have to slightly modify the ordering of the variables substituting short-term rates for the policy instrument and the term spread for long-rates (ltir). All shocks are calibrated as a +100bp increase in the policy instrument. Note that in what follows we report estimates of σ as the "Gini coefficient" rather than its monotone transform G.
Our main results are provided in Fig. 2 . The figure shows the posterior median (solid line) along with a 68% credible interval, in orange for the Gini coefficient based on data covering all households, and in blue only for workers' households.
[INCLUDE Fig. 2 HERE] Our estimates show that in response to the monetary tightening, inflation (expectations) decline, immediately and significantly so for about 6 to 8 quarters. In parallel with the rate increase, output declines and unemployment increases. More precisely, after an initial increase in real GDP, output declines significantly up to 28 quarters. This decline is driven by an increase in the unemployment rate which peaks after 16 quarters. Furthermore the monetary tightening induces an appreciation of the real effective exchange rate and an increase in long-term yields. The appreciation is likely to induce an increase in income inequality for workers' households since part of them are employed in the tradable sector and the loss of competitiveness has to be cushioned with subsequent wage decreases and / or worker layoffs. This effect is likely to be more muted for all households for which a large fraction is not employed. Stock prices show a very similar picture to real output: while they initially pick up, there is a persistent decline up to 28 quarters. In general, our results are qualitatively similar to those provided in Nakajima et al. (2011) who use a more complex time-varying Notes: The plot shows structural responses to a 100bp increase in the shadow rate using a Cholesky decomposition. In blue, Gini based on all households, in orange only for workers' households. Posterior median along 68% credible sets. An increase in the real effective exchange rate corresponds to an appreciation.
parameter VAR with stochastic volatility. In this sense we do not find evidence for counterintuitive output and price responses often reported for Japanese data. 8 We obtain qualitatively similar results when looking at a positive shock to 2-year government bond yields, or the term spread. See Fig. B.1 in the appendix. That we obtain plausible responses from a macroeconomic standpoint ensures our confidence that we have successfully pinned down a monetary policy shock.
Turning to the focal variable, the Gini coefficient, our results indicate an increase in inequality when income data are based on households whose head is employed (workers' households, orange line). This result would be in line with estimates of Coibion et al. (2017) for the USA and theoretical predictions based on a New Keynesian model provided in Gornemann et al. (2012) . However, results reverse when considering the broader definition of income data (all households, blue line). Here, a monetary policy tightening decreases inequality over the medium term. That we get different responses for the two types of households holds also true when considering the other two policy measures, albeit to a smaller degree (see Figures B.1 
and B.2).
Summing up, we find that a tightening of the monetary policy stance, decreases inflation expectations, output and equity prices, while the real effective exchange rate appreciates and unemployment rises. These findings are in line with common economic reasoning and ensure overall confidence in our estimation strategy. It turns out that these macroeconomic developments have very distinct effects on workers' households compared to a broader definition of households. For workers' households, a monetary tightening leads to more inequality -a finding which is in line with recent empirical work such as Coibion et al. (2017) for the USA and Mumtaz and Theophilopoulou (2017) for the UK. By contrast, income inequality decreases when considering a broader definition of households corroborating results of Saiki and Frost (2014) using the monetary base as a policy instrument for Japan. In the next subsection we are going to examine the transmission channels of monetary policy in more detail.
Through which channels does monetary policy affect income inequality?
To investigate the relative strength of the various transmission channels, we consecutively "shut down" the effects of each variable modeled in our VAR framework. Following Ludvigson et al. (2002) , this is done by setting the respective coefficients in matrix B to zero, when calculating the impulse response functions.
9 This exercise pins down two variables that shape the response of income inequality, namely long-term rates, the unemployment rate and the real effective exchange rate. Figure  3 below shows the respective results.
[INCLUDE Fig. 3 HERE] We first examine the different monetary policy effects on income inequality in the two household groups. So far we have seen that the macroeconomic responses to the monetary tightening are very similar, but the effect on inequality differs across household groups. Consecutively switching off "channels" reveals that the different responses arise due to effects through long-term interest rates, displayed in the top of Fig. 3 . In the model without effects through long-term interest rates, income inequality for both household groups slightly decreases when monetary policy is tightened. Looking at the mechanics behind that finding, excluding effects through long-rates changes the response of the unemployment rate, which is now rather insensitive to the rate increase. It also neutralizes the effect of the monetary tightening on the exchange rate. Both variables could ultimately cause the different responses on income inequality.
Thus, we next examine effects through the unemployment rate depicted in the middle panel of Fig. 3 . Here we see that responses of the shadow rate and long-term rates are similar as before, while those of real GDP and inflation are no longer precisely estimated. Also, switching off the unemployment rate reveals a significant real effective depreciation as opposed to an appreciation when all transmission channels are effective. Looking at the response of the Gini coefficient for workers' households shows that without effects through unemployment the rise in inequality is more moderate. This implies that the typical job destruction channel is operative for workers' households and a rise in unemployment through a monetary tightening leads to more income inequality. The channel is less pronounced when considering all households which is not surprising since part of these households are without occupation.
Since we still see the different responses of the Gini between the the types of households, we last examine the direct effects of the real exchange rate. These responses are provided in the bottom panel of Fig. 3 . Here we still see a positive effect on the Gini for workers' households, possibly driven by the rise in unemployment as evidenced above, but the response is no longer significant. This suggests that the exchange rate channel is an important driver of inequality for workers' households.
Summing up, we find evidence of a typical job-destruction channel for workers' households: as interest rates increase, unemployment rises which affects poor households (that can be laid off more easily) more strongly triggering a rise in income inequality. We also find that the difference of distributional effects of monetary policy between workers' and all households are driven effects through long-term rates and ultimately the real effective exchange rate. A real appreciation puts firms under pressure to either lay off workers (and thus drive up the unemployment rate) or decrease wages. Both measures lead to more inequality for workers' households. The The plot shows structural responses to a 100bp increase in the shadow rate using a Cholesky decomposition. In blue, Gini based on all households, in orange only for workers' households. Top panel: Coefficients to long-term interest rates are set to zero, mid panel coefficients to unemployment and bottom panel coefficients to inflation expectations set to zero. Posterior median along 68% credible sets. An increase in the real effective exchange rate corresponds to an appreciation.
effects are less pronounced when considering all households since a large share of these have no occupation. This implies that the inflation tax channel dominates when considering the broad income group since offsetting forces (i.e., job destruction and real effective exchange rate) are not present. This finding is robust to considering increases in 2-year government bond yields as well as the term spread as a monetary policy instrument.
Does the estimation of the Gini coefficient affect the results?
In this paper we have outlined a joint estimation strategy of the measure of income inequality and the macroeconomic vector autoregressive model. An alternative often pursued in the literature is to treat estimated Gini coefficients as if they were observable data neglecting inherent estimation uncertainty. As pointed out in Carriero et al. (2017) these "two-step" procedures potentially lead to flawed inference. In the context of income inequality, in case the Gini is calculated by descriptive statistics using grouped data, inequality tends to be underestimated. This point is illustrated in Fig. 4 below:
The true Lorenz curve (solid line) is drawn assuming a log-normal distribution and the Lorenz curve from grouped data (dotted line) is drawn from simulated income data assuming the log-normal distribution. The simulated data is constructed as follows. First, 100, 000 observations are simulated from the log-normal distribution. The observations are sorted in an ascending order, and are divided into quintile groups. Then, we can calculate the class income means. Using the frequencies and class income means, we can finally draw the Lorenz curve from grouped data. The Gini derived from grouped data is shown in red, while the one from true distribution is in red plus blue. The graph illustrates that the Gini coefficient from grouped data (red area) can not capture the full area (blue area). The reason behind is the underlying assumption of equal income within each group and this assumption leads to an underestimation of inequality, especially in the top income group.
In what follows we contrast the responses of the Gini coefficient obtained under the joint estimation framework with that of a two-step "plug-in" approach. The results are displayed in Fig. 5 below showing responses related to the joint estimation in blue and those based on the two-step estimation in orange respectively.
[INCLUDE Fig. 5 HERE] In the left-hand side of the plot we show the estimated responses for the two types of households and the different policy instruments. Looking at our baseline results with the shadow rate first, we see estimating the Gini and the macroeconomic responses in a joint framework leads to significant medium term responses according to the 68% credible intervals. This holds true although the credible sets are particularly wide, which is not surprising since estimation uncertainty regarding the Gini coefficient is correctly taken into account in the joint estimation framework. The two-step estimation procedure, by contrast, produces responses that go in the same direction as those obtained under joint estimation but are much flatter and credible intervals contain the zero response throughout the forecast horizon. On the right hand side of the plot we show in addition the joint distribution of the Gini response of the two approaches after 1 quarter. Points clustered around the 45 degree line indicate that both responses are not statistically different from each other. Looking at the results for the shadow rates, this seems to be indeed the case. Next we examine Gini responses to an increase in 2-year government bond yields. Here a similar picture arises as before, namely that both responses point in general into the same direction but responses of the plug-in approach are hovering around zero. The difference in responses can be also seen by looking at the scatterplots. For example, for workers' households most of the mass of the joint distribution lies below the 45 degree line indicating a stronger response when using the joint compared to the two-step estimation approach. Considering all households, impact responses of the two approaches are more similar. Last, we consider Gini responses to a term spread shock. Here we also see that responses based on the joint estimation approach point to a significant increase in inequality in the short-run, while two-step estimates are close to zero. The scatterplots strongly corroborate the higher responses in case of workers' households and slightly so in case of all households.
Summing up, we find striking differences in responses of the Gini coefficient. Estimating jointly the Gini coefficient and the dynamics of the macroeconomic system we find significant impacts of monetary policy on the distribution of income inequality. This holds true despite the fact that the joint estimation takes estimation uncertainty into account while the two-step approach commonly used in the literature ignores it. Our results further show that joint estimation leads to more informative inference but reveals significantly higher responses than the two-step approach. Taken at face value this implies that part of the inconclusive findings on income inequality using Japanese data can be attributed to the estimation framework (see e.g., Inui et al., 2017) .
Conclusions
In this paper we examine the relationship between monetary policy and income inequality in Japan. For that purpose we propose a new framework that models jointly the volatility of the income distribution and the dynamics of key macroeconomic vari-ables. Our model draws on grouped data that is continuously available over a longer period than comparable micro-based data.
The empirical literature assessing monetary policy effects on income inequality has revealed a large degree of cross-country heterogeneity. This is the case since the theoretical effect is ambiguous and depends on the relative strength of transmission channels / endowments of households. Using three different measures of monetary policy for Japan, we find that a monetary tightening leads to a significant rise in inequality in the short-run when considering income data of households whose head is employed (so-called workers' households). This result is in line with recent findings of Coibion et al. (2017) for the USA, Mumtaz and Theophilopoulou (2017) for the UK and Furceri et al. (2017) for a broad set of countries. This result reverses though, when using a broader measure of income that also considers households whose head is either self-employed, retired or unemployed (all households). Delving deeper reveals that mainly two transmission channels account for the effect of monetary policy on income inequality for workers' households. Here, a rise in unemployment triggered by the monetary tightening increases inequality (i.e., a job destruction channel). This channel is re-enforced through movements of the exchange rate: As the real effective exchange rate appreciates firms in the tradable sector either have to lay off workers or cut wages, leading to an increase in inequality. These effects are not evident when considering all households. Here, both the job destruction and exchange rate channels are ineffective, while the tax inflation channel triggers a decrease in inequality: Households that use more cash benefit more from the decrease in inflation expectations -monetary tightening which leads to less inequality corroborating findings of Saiki and Frost (2014) for Japan.
Having established these findings we then show that not only the type of underlying data matters for the assessment of monetary policy effects on income inequality but also the estimation framework. Our proposed framework treats estimation of the Gini coefficient as an inequality measure and the dynamics of the macroeconomic system jointly. In contrast most studies on inequality derive the Gini coefficient in a first step and treat it as if observed in the subsequent econometric analysis. That this can lead to flawed inference has been pointed out by Carriero et al. (2017) in the context of macroeconomic uncertainty. Comparing our results with those based on the predominant two-step approach indeed leads to striking differences. While credible sets of the jointly estimated responses are wider since they also reflect estimation uncertainty related to the Gini coefficient, they point to significant effects of monetary policy on the distribution of income. Two-step inference, by contrast yields inconclusive results.
Appendix A Posterior Analysis
A.1 Sampling µ t for t = 1, 2, . . . , T
The full conditional distribution (FCD) of µ t for t = 1, 2, . . . , T is given by In the sampling of h t for t = 1, 2, . . . , T , we use normal distributions as the proposal distributions along with tuned random-walk procedures suggested by Holloway et al. (2002) . 0 β 0 ,ν = T + ν 0 , Σ = EE + Σ 0 , and E = (e 1 , e 2 , . . . , e T ). Notes: The plot shows structural responses to a 100bp increase in 2-year government bond yields using a Cholesky decomposition. In blue, Gini based on all households, in orange only for workers' households. Posterior median along 68% credible sets. An increase in the real effective exchange rate corresponds to an appreciation. Notes: The plot shows structural responses to a 100bp increase in the shadow rate using a Cholesky decomposition. In blue, Gini based on all households, in orange only for workers' households. Posterior median along 68% credible sets. An increase in the real effective exchange rate corresponds to an appreciation.
A.3 Sampling

